This Page Is Inserted by EFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the applicant ,~ 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED^LANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will Hot correct images, 
please do not report the images to the 
Image Problem Mailbox. 



i 



CO 
00 

TP 



PATENT SPECIFICATION <»> 1488 542 



(21) Application No. 31190/75 (22) Filed 25 July 1975 (19) 
(31) Convention Application No. 493 554 (32) Filed 1 Aug. 1974 in 
(33) United States of America (US); 
(44) Complete Specification published 12 Oct. 1977 

(51) INT.CL. 2 F16J 15/52 

(52) Index at acceptance 

F2B 13C3 13X2 

(54) A BOOT SEALED CHAMBER ASSEMBLY 




(71) We, TRW Inc. a corporation or- 
ganized under the laws of the State of Ohio, 
United States of America, of 23555 Euclid 
Avenue, Cleveland, Ohio 44117, United 
5 States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 

10 statement: — 

This invention relates to the venting of 
sleeve sealed chambers, particularly but not 
exclusively, on the ends of a rack tube of 
a rack and pinion steering gear assembly to 

15 accommodate air flow into and out of the 
chambers as they are expanded and con- 
tracted during reciprocation of the rack bar 
of the assembly without, however, permit- 
ting loss of the lubricant or ingress of dirt 

20 into the sealed chambers. 

The invention includes an assembly which 
comprises a housing having an open end, a 
reciprocating member extending through 
said open end of the housing, a member 

25 pivotally mounted on the end of the reci- 
procating member, an elastomeric material 
sleeve having one end sealed around the end 
of the housing and the other end sealed 
around the member pivoted on the recipro- 

30 eating member with accordion folds along 
its length to accommodate elongation and 
contraction of the sleeve and flexing of the 
ends thereof, a passageway venting the in- 
terior of the sleeve to the atmosphere, and 

35 a sintered powdered metal porous plug in 
said passageway, the porosity of the plug 
being effective to allow flow of air there- 
through while preventing ingress of conta- 
minants as the sleeve increases in volume 

40 and loss of lubricants as the sleeve decreases 
in volume. 

The invention also includes an accordion 
folded elastomeric sleeve wherein the sleeve 
has a large diameter cylindrical open end, a 

45 small diameter opposite cylindrical open 
end, and the large diameter cylindrical end 
is eccentric to the opening, therethrough, the 
thickened portion so formed being provided 
with a vent hole therethrough which is 

50 plugged with a sintered powdered porous 
plug. 



U.S. Patent Specification No. 3,762,742 
discloses so-called 'boot' sealed chambers at 
the ends of a rack tube of a rack and pinion 
steering gear which are intercommunicated 55 
by a transfer tube which balances the pres- 
sures in the boot seals by conducting air from 
a contracting seal to an elongating seal as 
the rack bar in the tube was reciprocated 
to move into one end of the tube and out of 60 
the other end of the tube, and vice versa, 
during steering operations. 

Embodiments of the present invention, 
described hereinafter, eliminate the necessity 
for transfer tubes and the like passageways 65 
between opposed boot sealed chambers and 
provide for the expansion and contraction 
of these chambers without any appreciable 
variation in pressure in the chambers and 
without loss of sealing efficiency. 70 

In the embodiments, each boot sealed 
chamber is vented to the atmosphere 
through a porous sintered powdered metal 
pellet or plug seated in a passageway com- 
municated at one end with the interior of 75 
the chamber and at the other end with the 
atmosphere. No inter-communication of op- 
posed boot sealed chambers is needed. 
Accordingly, embodiments of the invention 
may comprise only a single chamber. The 80 
porosity of the pellets or plugs and the 
length of air travel therethrough is such that 
lubricant cannot flow through the pellet as 
the chamber is contracted and airborne con- 
taminants such as dirt cannot flow through 85 
the pellet as the chamber is expanded. 

The filter pellets or plugs in the embodi- 
ments are self-cleaning since oil trapped in 
the inner end of the pellet during an outflow 
of air from the boot chamber will be flushed 90 
or purged out of the pellet, back into the 
boot chamber by the inflow of air on the 
succeeding expansion of the boot chamber. 
Conversely, dirt trapped in the outer end 
of the pellet on the air inflow cycle will be 95 
flushed or purged from the pellet on the 
succeeding air outflow cycle. 

The boot seal in the embodiments is 
formed as a sleeve of elastomeric material 
with axial open ends and cylindrical end 100 
portions adapted to receive * clamps there- 
around to contract the open ends on the 
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parts to be sealed. One end of the sleeve is 
of larger diameter than the other to fit 
around an end of a rack tube in a rack and 
pinion steering gear while the other end of 
5 the sleeve has a small diameter to fit snugly 
over and be clamped to a rod such as the 
shank of a ball stud of a joint carried on the 
end of a rack bar projecting from the end 
of the rack tube. In one embodiment, the 

10 large end of the sleeve has a radially thick- 
ened portion with a through hole receiving 
the pellet, and in another embodiment, the 
end of the rack tube has a hollow nipple 
adjacent the large end of the sleeve receiv- 

15 ing the filter pellet. The accordion folds de- 
crease in diameter from the large to the 
small ends of the sleeve in each case and 
the cylindrical portion at the large end of 
the boot has an adjacent larger diameter 

20 cylindrical portion extending axially to the 
first accordion fold. 

The filter pellet is preferably composed 
of powdered metal such as bronze powder 
of a particulate size to maintain open pores 

25 between the particles. The bronze powder is 
compacted at high pressures to the desired 
shape and density and is then heated to 
sinter the particles together without, how- 

ln ever, closing the pores. 

30 In order that the invention may be well 
understood the embodiments thereof referred 
to above, which are given by way of ex- 
ample only, will now be described in more 
detail, reference being had to the accom- 

35 panying drawings, in which: 

Figure 1 is a fragmentary plan view, with 
parts in section, of a rack and pinion ster- 
ing gear assembly; 

Figure 2 is an enlarged fragmentary sec- 

40 tional view along the line II — II of Figure 
1; 

Fig. 3 is a transverse sectional view along 
the line III— in of Fig. 2; 

Fig. 4 is a view similar to Fig. 2 but 
45 illustrating a modified assembly; 

Fig. 5 is a fragmentary plan view along 
the line V— V of Fig. 4; and 

Fig. 6 is an enlarged diagrammatic illus- 
tration of a section of a filter pellet of the 
5° assemblies. 

The rack and pinion steering gear as- 
sembly 10 of Fig. 1 includes a pinion hous- 
ing 11 receiving a steering shaft 12 and 
mounted on and forming a part of a rack 
55 tube 13. A rack bar 14 is slidably mounted 
in the tube assembly 13 and is reciprocated 
by a pinion (not shown) in the housing 
driven by the steering shaft 12. The rack 
bar 14 projects from both ends of the tube 
60 assembly 13 and has ball joint housings 15 
on the ends thereof pivotally supporting 
ball studs 16 which in turn are connected 
through ball and socket joints to the steer- 
ing arms of the dirigible wheels of a vehicle 
65 (not shown). The rack tube 13 may house a 



piston (not shown) secured on the rack bar 

14 and reciprocated by pumped power ster- 
ing fluid to provide a power assist for the 
reciprocation of the rack bar. In such power 
steering rack and pinion assemblies, the tube 70 
and rack bar must be sealed on opposite 
sides of the piston to provide a leakproof 
chamber for the power steering fluid. For 
this purpose a bearing sleeve 17 for the rack 

bar is mounted in the illustrated end of the 75 
tube 13. The bearing has an enlarged end 
17a bottomed against a shoulder 13a in the 
tube 13 and held thereagainst by a threaded 
plug 18 threaded into the end of the tube 

13. A seal 19 is provided in a groove of the 80 
bearing 17 to sealingly engage the tube 13 
while a seal 20 is seated in a groove in the 
end of the bearing 17 to sealingly engage 

the bearing 17, the plug 18, and the rack bar 

14. As shown, the plug 18 is inwardly from 85 
the end of the tube 13 and the tube thus 
has an open end recess 21 beyond the plug 

18. The portion of the tube 13 around each 
recess 21 has an annular groove 22 there- 
around. 90 

The recesses 21 at the ends of the rack 
tube 13 and the projecting ends of the rack 
bar 14 together with the ball joint housings 

15 area sealed with boot seals 23 without 
interfering with the reciprocation of the rack 95 
bar or the pivoting of the ball studs. In this 
manner, the ends of the rack bar and the 

tie rods are sealed from dirt and may be 
lubricated. 

The boot seals 23 are formed as sleeves 100 
of elastomeric materials such as oil resisting 
rubber, elastomeric plastics materials, and 
the like. The sleeve has axial open ends with - 
a large diameter cylindrical end portion 24 
fitting the groove 22 of the rack tube 13 and 105 
a small diameter cylindrical opposite end 25 
fitting the cylindrical shank of the ball stud 
16. The large cylindrical end 24 has a 
thickened portion 26 provided by a bore 27 
which is eccentric to the cylindrical outer 110 
peripheral portion of the cylindrical end 24. 
A through hole 28 extends axially through' 
the thickened portion 26 and is filled with a 
pellet or plug 29 of porous sintered metal. 

A large diameter thin walled, cylindrical 115 
portion 30 extends radially and axially out- 
wardly from the cylindrical portion 24 and 
merges into the first of a series of corruga- 
tions or accordion pleats or folds 31 along 
the length of the sleeve. These corrugations 120 
decrease in diameter to the small diameter 
cylindrical end 25 and accommodate elon- 
gation or contraction of the sleeve from its 
free state condition and also accommodate 
flexing of the end 25 of the sleeve relative to 125 
the end 24 as the ball stud 16 pivots. 

The end 24 of the sleeve fits snugly in the 
groove 22 of the rack tube 13 and is 
clamped tightly therein by a draw clamp 32 
encircling the cylindrical end 24. Likewise 130 
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the cylindrical end 25 snugly embraces the 
shank portion of the ball stud 16 and is 
clamped tightly thereagainst by a draw 
clamp 33 encircled therearound. 
5 In the modified assembly shown in Figs. 
4 and 5, parts corresponding with parts des- 
cribed in Figs. 1 to 3 have been marked 
with the same reference numerals. The rack 
tube 13 1 is identical with the tube 13 except 

10 that hollow nipples such as 35 depend from 
the ends of the tube communicating with 
the recesses 21. These nipples receive the 
pellets 29 which, in the assembly of Figs. 1 
to 3, were inserted in the through holes 28 

15 of the boot seals. 

The boot seals 23 1 of the modification of 
Figs. 4 and 5 are the same as the seals 23 
but have the large diameter cylindrical end 
portions 24 provided with concentric holes 

20 or apertures 27 1 which snugly fit the grooves 
22. 

Thus, in the assembly of Figs. 1 to 3 
the boot sealed chambers 36 are vented 
through the filter pellets 29 carried by the 

25 boots themselves while in the modification 
of Fig. 4, the sealed chambers 36 are vented 
through the pellets 29 carried by hollow 
nipples 35 of the rack tube. 

As shown in Fig. 6, the pellets 29 are 

30 composed of discrete particles 37 of a metal 
powder and have pores 38 therebetween 
which are intercommunicated so that air can 
flow through the pellet. The preferred pel- 
lets are composed of bronze powder, com- 

35 pacted and sintered to a density which will 
accommodate free passage of air or gas but 
which will trap nongaseous material such as 
oil or grease and dirt. 

In operation as the rack bar 14 is reci- 

40 procated, one end thereof will move into 
the rack tube 13 or 13 l while the other end 
will move outwardly from the rack tube. 
This, of course, will cause the bellows 23 
or 23 1 on one end of the tube to contract 

45 while the bellows on the opposite end of the 
tube will elongate. This axial contraction 
and elongation is accommodated by the 
accordion folds 31 which can separate or fold 
together. Further, as the ball studs 16 arti- 

50 culate relative to the rack bar 14, the ends 
25 of the boots will flex relative to the ends 
24 and this, too, is accommodated by the 
accordion folds. As the sealed chamber 36 
decreases in volume when the boot 23 or 23 1 

55 sealing this chamber contracts, air will flow 
outwardly through the pellet 29 to prevent 
the boot from blowing up and possibly rup- 
turing. Any lubricant in the chamber 36 will 
be trapped in the inner end of the pellet 29. 

60 Then when the volume of the chamber 36 
increases as when the boot sealing this 
chamber is elongated, air will enter the 
chamber through the pellet 29 and will 
flush or purge the grease trapped in the 

65 inner end of the pellet. At the same time, 



the outer end of the pellet will trap any air 
borne contaminants such as dirt. The 
trapped dirt will then be flushed or purged 
from the outer end of the pellet 29 on the 
next decrease in volume of the sealed cham- 70 
ber. 

It will, therefore, be understood that the 
embodiments provides for the breathing of 
their boot sealed chambers as they expand 
and contract without, however, permitting 75 
loss of nongaseous material such as oil or 
lubricant from the chamber or permitting 
ingress of contaminants into the chamber. 

WHAT WE CLAIM IS:— 80 

1. An assembly which comprises a hous- 
ing having an open end, a reciprocating 
member extending through said open end 
of the housing, a member pivotally mounted 

on the end of the reciprocating member, an 85 
elastomeric material sleeve having one end 
sealed around the end of the housing and 
the other end sealed around the member 
pivoted on the reciprocating member with 
accordion folds along its length to accom- 90 
modate elongation and contraction of the 
sleeve and flexing of the ends thereof, a 
passageway venting the interior of the sleeve 
to the atmosphere, and a sintered powdered 
metal porous plug in said passageway, the 95 
porosity of the plug being effective to allow 
flow of air therethrough while preventing 
ingress of contaminants as the sleeve in- 
creases in volume and loss of lubricants as 
the sleeve decreases in volume. 100 

2. An assembly as claimed in claim 1, 
wherein the end of the sleeve sealed around 
the housing has a radially thickened portion 
with a hole therethrough forming said pass- 
ageway, and the plug is seated in said hole. 105 

3. An assembly as claimed in claim 1, 
wherein the end of the housing has a pass- 
age therethrough communicating with the 
interior of the sleeve and the atmosphere 
and forming said passageway, and the plug HO 
is seated in said passage. 

4. An assembly as claimed in claim 1, 
wherein said one end of said sleeve which 
is sealed around the housing has a cylindri- 
cal inner periphery and an eccentric cylin- 115 
drical outer periphery defining a thickened 
portion therebetween, said passageway ex- 
tending axially through said thickened por- 
tion, and a contractible clamp extending 
around said outer periphery securing said 120 
one end of the sleeve to the housing. 

5. An assembly as claimed in any one 
of the preceding claims and comprising a 
vehicle steering gear; wherein said housing 
comprises a tube, said reciprocating member 125 
comprises a bar projecting from opposite 
ends of said tube, and said pivotally 
mounted member comprises a ball stud hav- 
ing a tiltable relationship with one end of 
said bar; and further including a second ball 130 
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stud having a tiltable relationship with the 
other end of said bar, another sleeve mem- 
ber sealed around said second ball stud and 
said tube, and another sintered powdered 
5 metal porous plug in a passageway venting 
the interior of said other sleeve, the porosity 
of said other porous plug being effective to 
allow flow of air therethrough while prevent- 
ing ingress of contaminants as said other 
10 sleeve increases in volume and loss of lub- 
ricants as said other sleeve decreases in 
volume. 

6. An accordion folded elastomeric 
sleeve wherein the sleeve has a large dia- 
15 meter cylindrical open end, a small diameter 
opposite cylindrical open end, and the large 
diameter cylindrical end is eccentric to the 



opening therethrough, the thickened portion 
so formed being provided with a vent hole 
therethrough which is plugged with a sin- 20 
tered powdered porous plug. 

7. An assembly as claimed in claim 1 
and substantially as herein described with 
reference to the accompanying drawings. 

8. An accordion folded elastomeric 25 
sleeve as claimed in claim 6 and substan- 
tially as herein described with reference to 

the accompanying drawings. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306 High Holborn, 
London, WC1V 7LE. 
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